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BRIEF ON APPEAL 

This Brief supports the appeal to the Board of Patent Appeals and Interferences from 
the Final Rejection dated November 17, 2005n the application listed above. Applicant filed 
the Notice of Appeal on January 1 7, 2006 now submits this Appeal Brief pursuant to a 
communication from the Examiner dated February 14, 2006 

I. REAL PARTY IN INTEREST 

The real party in interest in this appeal is Corning Incorporated. 

II. RELATED APPEALS AND INTERFERENCES 

With respect to the appeals or interferences that will directly affect, or be directly 
affected by, or have a bearing on the Board's decision in this appeal, there are no such appeals 
or interferences. 
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III. STATUS OF CLAIMS 

Claims 1-8 were rejected in the Final Office Action dated November 17, 2005. These 
are the pending claims that are the subject of this Appeal and are set forth in the attached 
Appendix. Claims 9-19 were previously withdrawn from consideration due to a restriction 
requirement with reservation of reservation of applicants 5 right to file a divisional application. 

IV. STATUS OF AMENDMENTS 

1. Claims: There are no amendments to the claims that have been entered by the 
Examiner. Pending claims 1-8 are original claims. 

2. Specification: An amendment to the specification was submitted in applicants' 
response of January 17, 2006 to the Final Office Action of November 17, 2006. The 
amendment was to delete Paragraphs [0041] and [0042] which referred to figures that were 
not filed in the application and to amendment Paragraphs [0043] and [0044] to correct figures 
as listed in Paragraphs [0014] and [0015] of the Brief Description of the Figures. No mention 
concerning this amendment was given in the Advisory Action of February 14, 2006. 
Consequently, applicants deem that the amendment has not been entered. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed invention is directed to a scatter-free optical fluoride crystals having a 
chlorine concentration of less than 0.25 ppm CI that can be used in laser lithography methods. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The claims are currently rejected by the Patent office as follows: 
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The Examiner has rejected claims 1-8 under 35 U.S.C § 103(a) as being 
unpatentable for obviousness over Sakuma et al (6,377,322) in view of Hammond, et 
al (6,093,245). 

VII. GROUPING OF CLAIMS 

In compliance with 37 C.F.R. § 1.192(c)(5), Applicant states that all of the claims do 
stand or fall together. Claim 1 is the independent claim and claims 2-8 depend on claim 1 
either directly or indirectly through another dependent claim. 

VIII. ARGUMENTS 

The rejection of Claims 1-8 under 35 U.S.C. § 103(a) as being unpatentable for 
obviousness over Sakuma et al (6.377322) in view of Hammond, et al (6.093.245). 
is improper. 

A. Summary of the Rejection 

In the final Office Action of November 17, 1005, the Examiner rejected claims 1-8 as 
being unpatentable over Sakuma et al (6,377,322) in view of Hammond, et al 
(6,093,245). Summarizing the Rejection, the Examiner asserts that Sakuma discloses 
an optical member for photolithography comprising a calcium fluoride crystal 
exhibiting an internal transmittance of 99.5%/cm or greater with respect to light 
transmitted from an F 2 laser (157 nm light). The Examiner admits that Sakuma does 
not disclose the chlorine concentration in the fluoride crystal. 

Further summarizing, Hammond is cited for disclosing that high purity alkali 
metal halide material is useful as optical elements and that graphite has been used for 
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growing calcium and barium fluoride crystals. However, while being able to 
withstand high temperatures, graphite is quite porous. When used as a crucible 
material for alkali metal growth the melt leaks through the crucible and upon cooling 
of the crystal they cannot be readily removed without damage to the crucible. 

The Examiner goes on to state: 

"Sakuma 6 332 discloses a crucible comprising a vessel of porous 
carbon having a wall with a thickness, an outer surface, and an inner 
surface; a surface depth region of at least the inner surface being 
impregnated with additional carbon to close open porosity at the surface 
(note claim 1). The porous carbon can be graphite (note claim 2) and the 
additional carbon can be graphite pyrolytic carbon (note claim 3) or 
glass carbon (note claim 4). The crucible can be used for growing 
calcium fluoride (note column 6, lines 23-32). 

'Thus it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to maximize the purity of the 
calcium fluoride disclosed by Sakuma 6 3 32 as suggested by 
Hammond' 245. Also it would have been obvious to one skilled in the 
art to use the crucible of Hammond '245 in the process of producing 
calcium fluoride of Sakuma c 332 because such crucible would permit 
release of the cooled crystal without remelting (note abstract), since 
graphite was not in contact with the crystal, any chloride impurity in the 
graphite would not mitigate to the crystal itself." 

The Examiner then concluded that the arguments presented by 
applicants in their Response filed on July 25, 2005 were not persuasive. 
Although applicants did not enclose the Bardsley/Green article with the 
prior response, based on applicants' statements that they teach that when 
impurities, including chlorine, are too high, the transmission of the 
calcium fluoride below 200 nm would not be as high as applicants' 
claims required. However, the Examiner asserts that Sakuma '332 
discloses a calcium fluoride crystal having an internal transmittance of 
99.5% or greater with respect to light emitted from an F 2 laser; and the 
Examiner concludes that thus the amount of impurities in the calcium 
fluoride, including chlorine impurity, as disclosed by Sakuma '332 
would be inherently low as required by applicants' claims. 

With regard to applicants' argument that Sakuma did not realize 
that the chloride level in calcium fluoride was a source of scatter, the 
Examiner replies that even if Sakuma did not realize this, "when the 
transmittance of the calcium fluoride in Sakuma '332 is the same as that 
of [applicants'] claimed product, the calcium fluoride of Sakuma '332 is 



-4- 



considered as "scatter-free" and it would inherently has low chlorine or 
chloride level." 

Finally, the Examiner states that Hammond is applied to teach that in order to produce 
highly pure crystals, such as those made of an alkali metal material, for use in an optical 
application, a crucible such as described in Hammond is used to facilitate removal of the 
crystal. Since the crystal product of Sakuma is also used in an optical application and is 
required to have high purity to reduce the scattering effect, it would have been obvious for 
one of ordinary skill in the art to use the crucible as suggested by Hammond to produce the 
crystal product of Sakuma. 

B. Applicants 9 Arguments 

Applicant respectfully submits that the Examiner failed to provide a prima facie case 
of obviousness because one of ordinary skill in the art would not be motivated to use or 
modify the teaching of Sakuma et al in view of Hammond to obtain Applicant's invention. In 
re Vaeck , 20 U.S.P.Q.2d 1438, 1442 (Fed. Cir. 1991). Applicants submit that the rejection is 
improper because the Examiner draws conclusions that are not supported by Sakuma in view 
ofHammond. 

The U.S. Court of Appeals for the Federal Circuit has stated that the Examiner has the 
burden under 35 U.S.C. § 103 to establish a prima facie case of obviousness and in the case 
of combined references, the Examiner can satisfy this burden "only by showing some 
objective teaching in the prior art . . . would lead that individual to combine the relevant 
teachings of the references." In re Fine , 5 U.S.P.Q.2d 1596, 1598 (Fed. Cir. 1988). 
Moreover, both the suggestion and the reasonable expectation of success must be found in the 
prior art, not in the applicant's disclosure. In re Vaeck , 20 U.S.P.Q.2d 1438, 1442 (Fed. Cir. 
1991). 
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Cited references should not be considered in a vacuum, but against the background of 
the references as a whole. "The question in a §103 case is what the references would 
collectively suggest to one of ordinary skill in the art." In re Ehrreichu 200 U.S.P.Q. 504, 509- 
10 (C.C.P.A. 1979). If the collective references indicate that those skilled in the art would 
ignore statements as speculative, then those statements cannot be considered teachings for 
purposes of an obviousness rejection. Id; In re Oelrich , 198 U.S.P.Q. 210, 214 (C.C.P.A. 
1978). In the instant case, as discussed below, the combination of Sakuma et al in view of 
Hammond et al teach or suggest a critical feature of the claimed invention; namely, having a 
chloride level of <0.25 ppm.. 

Consequently, Applicants submit that not only did the Examiner fail to meet his 
burden of establishing a prima facie case because one of ordinary skill in the art would not 
only lack the motivation to modify Sakuma in view of Hammond, but also because the 
combination does not teach or suggest reducing scatter by lowering chloride levels. 

Applicants' invention is directed to the reduction of scatter in CaF 2 crystals. 
Specifically, it is directed to the reduction of scatter by reducing the chloride level in 
CaF 2 to less than 0.25 ppm. The reduction of scatter is not mentioned in either the 
Sakuma or the Hammond citation. Further, in neither citation do the authors/inventors 
provide any analysis of the chloride level present in the CaF 2 crystals they grow. As a 
result, distinguishing applicants' claimed invention over the cited art must rely on 
reasonable arguments. 

First, a literature search conducted after receiving the present Office Action resulted 
locating an article by W. Bardsley and G.W. Green, "Optical scattering in calcium fluoride 
crystals", Brit J. Appl. Phys., 1965, Vol. 16, pages 911-912 [copy enclosed]. In this article 
the authors state that while is it generally believed that scatter in CaF 2 crystal is caused by 
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calcium oxide, they present evidence that shown that chlorine and sulfur can also cause 
scatter. This article supports applicants' position that the present of chloride and/or sulfur in 
CaF 2 crystals induces scatter. The article indicates that chlorine and sulfur levels should be 
below 50 ppm and 20 ppm, respectively; though how much below is not specified. However, 
at the time Beardsley and Green article was written (1965), high power excimer lasers 
operating below 200 nm were unknown (excimer lasers were not invented until about 1971) it 
is unlikely that the effect of very small amounts of chlorine and sulfur in CaF 2 optics were 
considered as having an influence on scatter. The He/Ne was the only gas laser truly known 
and used at this time, the CO2 and Ar lasers not having been invented until about 1964. Thus 
the Bardsley/Green articles does not provide any guidance regarding the level to which 
chloride and/or sulfur should be reduced in order to prevent scatter in CaF 2 crystals that are 
used for lasers operating below 200 nm and particularly for F 2 lasers that operate at 157 nm. 
There is certainly no teaching or suggestion that the chloride levels should be reduces to 
sub-ppm levels as is taught by the present invention. As a result, in the years that followed, 
up to the present invention, the influence of sub-ppm levels of chlorine on CaF 2 optics was 
neglected and not considered as a source of scatter. 

Second, the cited Sakuma patent is completely silent, as was acknowledged by the 
Examiner in the Office Actions, with regard to the chloride content of the CaF 2 crystal. 
Applicants have searched the PTO Patent Base for other Sakuma patent using the terms 
"IN/Sakuma and AN/Nikon", and have reviewed each of the patent found. Applicants have 
also reviewed patent issued to Sakuma's co-workers at Nikon (Shiozawa, Mizugaki, Kimura 
and Takano) and reviewed the patents found in these searches. None of these patents mention 
chloride contaminant levels in CaF 2 optics. The only mention of contaminants found in the 
patents located in the foregoing searches concerning CaF 2 manufacture are the levels of 
sodium and potassium (Shiozawa, US 6,320,700, 6,226,128 and 6,061,174). Consequently, 
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applicants are led to believe that Sakuma and co-workers did not consider chloride levels to 
be a source of problems for CaF2 crystals. This is fortified by the fact that the carbon ingot 
manufacturers (the ingots are used for making the crucibles used in CaF 2 crucibles) mention 
only metallic impurities and not non-metallic impurities. As a result of these reviewed 
patents, applicants reasonably believe that Sakuma and co-workers did not realize that 
sub-ppm chloride levels in CaF2 were a source of scatter. 

Third, the Hammond patent is cited for teaching that one can apply a pyrolytic or 
glassy carbon coating to a crucible to close the pores of the crucible. Hammond used this 
technique to prevent molten alkali metal fluoride from seeping through the crucible via its 
pores. Hammond made no mention of either using the technique for molten alkaline metal 
fluorides or whether it was even necessary to use it for non-alkali metal fluorides. Since none 
of the Sakuma and other Nikon assigned patents that were reviewed mentions the use of such 
crucibles, nor do the present applicants use such crucibles, applicants submit that the 
Hammond technique is unnecessary. Hence, there is no teaching applicable to the present 
invention and the use of Hammond should properly be withdrawn. 

However, for arguments' sake and completeness only, we will assume that sealing 
the pores of a graphite crucible is desirous to prevent leakage of a molten alkaline earth metal 
fluoride. Using the Hammond technique one first purifies the crucible by using a high 
temperature chlorine technique ('245 patent, column 3, lines 37-39). Subsequently, one 
applies the pyrolytic or glassy carbon coating by decomposition of an organic vapor such as 
an ether or an alcohol. Hammond states that carbon from the decomposition fills the pores of 
the graphite crucible. However, during this process the chlorine present in the crucible, 
which is increased as a result of the chlorine purification step, can migrate into the layer of 
pyrolytic or glassy carbon that is being deposited. While the resulting coating may be 
"smooth" and prevent a metal fluoride from seeping onto the crucible's pores, the coating 
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very likely contains a high level of chlorine that would into and contaminate a CaF 2 crystal 
and increase scatter in the below 200 nm region. Hammond does not mention what is the 
level of chlorine (or chloride) in either the coated crucible or his alkali metal fluoride 
products. 

Fourth, applicants submit that the Rejection is improper because the Examiner 
draws conclusions from Sakuma 6 332 that are not supported by the patent. In 
particular, in the final Office Action the Examiner stated that because Sakuma 
discloses an internal transmittance of greater than 99.5%, the crystal of Sakuma must 
have a low chloride level. The Examiner is making an invalid assumption that the 
chloride level in Sakuma '332 must be the same as that of the claimed invention. 
Sakuma does not mention chloride levels and any assumption that the chloride level in 
the Sakuma crystals is the same as in applicants' crystals is pure speculation as will be 
further explained below. Such speculation cannot be the basis for an obviousness 
rejection. 

Fifth, the Examiner has assumed that applicants' transmittance and that of 
Sakuma are the same. This is incorrect. As applicants state in their specification and 
in claim 3, crystals containing less than <0.25 ppm CI have a <200 nm transmission of 
>99%. In contrast to applicants' invention, in column 7, lines 20-23, Sakuma '332 
states that the crystals claimed therein has an internal transmission of 99.5% and an 
overall transmission of approximately 89.5%. Sakuma is very careful to distinguish 
internal transmission from overall transmission. Sakuma attributes the difference to 
reflectance. However, since Sakuma is not aware of the influence chloride can have 
on transmission through a crystal by producing scattering, such scatter losses may 
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constitute part of the losses Sakuma attributes to reflectance. Note that in Column 7, 
lines 23-26, Sakuma further states that even if the internal transmittance is 100%, 
then transmittance taking into account reflection loss is 90.9% regardless of the 
substrate thickness. With this statement Sakuma is saying that the maximum 
transmittance one can obtain with a calcium fluoride crystal of any thickness is 90.9%. 
This statement teaches away from the claimed invention as described applicants' 
specification and claimed in claim 3 wherein applicants claim (in combination with 
base claim 1) a crystal having a transmission of >99% and a chloride level of 
<0.25 ppm. Consequently, applicants submit that Sakuma '332 again does not teach 
or suggest the claimed invention. 

Sixth, applicants now refer to applicants' Figure 16 and Paragraph [0058]. As 
illustrated in Figure 16, the crystals C#l, C#2 and C#3 are stated as having "No 
Scatter". In each of these crystals the CI level is less than the 0.25 ppm level claimed 
in applicants' claim 1. However, crystal C#4 does produce scatter and the CI level in 
this crystal is 0.3 ppm which is above the 0.25 ppm level of claim 1. 

There is no reference in Sakuma '32 as to the chloride level present in the 
crystals described therein. However, in column 7, lines 20-26, Sakuma clearly states 
that the maximum transmission level through a calcium fluoride crystal, even one 
having 100% internal transmittance, is approximately 90%. He attributes the 
approximately 10% difference between the internal transmittance and overall 
transmittance to reflection losses. However, since Sakuma is unaware of the effect 
that chloride can have on a crystal by producing scatter, it is arguable that a substantial 
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part of what Sakuma attributes to reflection losses is actually due to scatter produced 
by chloride in the crystal. 

Applicants' data as shown in Figure 16 and explained in Paragraph [0058] 
clearly indicate that scatter is produced at a chloride level of 0.3 ppm. Arguendo, the 
crystals of Sakuma probably contain a chloride level greater than 0.25 ppm and the 
scatter produced by this chloride could account for the overall losses Sakuma reports 
for their crystals. 

Applicants' Figure 9 A illustrates a CaF 2 crystal in normal (room) light. Figure 
9B illustrates a crystal in which the normal light has been turned off and a red laser 
inspection light is passed through the crystal. Figure 9B clearly shows the scatter that 
is present in the crystal. As applicants explain in Paragraph [0044]: "In a scatter-free 
calcium fluoride disk blank one would not see any red streak in the crystal since there 
would be nothing to reflect or scatter the light in the middle of the crystal" 

Applicants submit that the facts that (a) Sakuma is unaware of the effect of 
chloride in transmission, and (b) that the scatter produced by chloride in a crystal can 
reduce transmission as shown by applicants, and (c) that Sakuma clearly states that 
overall transmittance of his claimed crystals is approximately 90% (column 7, lines 
20-26) is due to "reflectance losses" clearly indicate that Sakuma '332 does not teach 
or suggest the claimed invention. 

Seventh, with further regard to Sakuma in view of Hammond '245, applicants 
repeat that since Hammond purifies crucibles using a high temperature chlorine 
treatment, the use of such crucibles would tend to increase the chlorine content of any 
calcium fluoride crucible grown in such crucibles. Consequently, since both 



Hammond and Sakuma do not teach or suggest that chloride can have a detrimental 
effect on crystals used for <200 nm light transmission, and since Sakuma clearly 
indicates that his crystals have an overall transmittance of approximately 90%, and 
since applicants have clearly indicated that chloride can account for all or part of the 
approximately 10% transmission losses acknowledged by Sakuma; applicants submit 
that the combination of Hammond and Sakuma does not teach or suggest the claimed 
invention. 

IX. CONCLUSION 

In conclusion, Applicant requests a reversal of each of the grounds of rejection 
maintained by the Examiner and prompt allowance of the pending claims 1-8. 

Please charge the necessary fees for filing the Brief on Appeal to our Deposit Account 
No. 03-3325. If there are any other fees due in connection with the filing of this Brief on 
Appeal, please charge the fees to our Deposit Account No. 03-3325. If a fee is required for an 
extension of time under 37 C.F.R. § 1.136 not accounted for above, such an extension is 
requested and the fee should also be charged to our Deposit Account. 



Respectfully submitted, 




Walter M. Douglas 
Registration No. 34,510 
607-974-2431 
Corning Incorporated 
Patent Department 
SP-TI-03-01 
Corning, NY 14831 



CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.8: 

I hereby certify that this correspondence is being deposited with the United 
States Postal Service as First Class Mail in an envelope addressed to Mail Stop 
Appeal Brief - Patents, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450 on /5n*u+/ 




Date of Deposit 
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Claims Appendix 



CLAIMS APPENDIX TO BRIEF ON APPEAL 

The claims on appeal are as follows. 

Listing of Claims: 

1 . (original) A scatter- free optical fluoride crystal for transmitting below 200 nm 
wavelengths comprising an optical fluoride crystal having a chlorine concentration of 
less 0.25 ppm CI 

2. (original) A scatter-free according to claim 1, wherein said optical fluoride 
crystal is selected from the group consisting of calcium fluoride, barium fluoride, 
magnesium fluoride, strontium fluoride and lithium fluoride, and mixtures thereof. 

3. (original) The scatter- free crystal according to claim 1, wherein said optical 
fluoride crystal is a calcium fluoride crystal having a below 200 nm transmission 
>99%. 

4. (original) The scatter-free crystal according to claim 1, wherein said optical 
fluoride crystal is a calcium fluoride crystal having a chlorine concentration of less 
than 0.2 ppm CI and a 193nm transmission >99%. 

5. (original) The scatter- free crystal according to claim 1, wherein said optical 
fluoride crystal is a calcium fluoride crystal having a chlorine concentration of less 
than 0.2 ppm CI and a 157nm transmission >99%. 

6. (original) The scatter- free crystal according to claim 1, wherein said optical 
fluoride crystal is a calcium fluoride crystal having a chlorine concentration of less 
than 0.2 ppm CI and a 157nm transmission >99%. 
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7. (original) The scatter-free crystal according to claim 1, wherein said optical 
fluoride crystal is a calcium fluoride crystal having a combined chlorine and sulfur 
concentration CI + S of less than 0.3 ppm CI and a transmission >98% in the 157-199 
nm range. 

8. (original) The scatter- free crystal according to claim 7, wherein CI + S is less 
than 0.2 ppm and a 157 nm transmission >99%. 

9. (withdrawn) A method of making a scatter-free below 200 nm wavelength 
transmitting optical fluoride crystal, said method comprising: 

providing a optical fluoride feedstock having a chlorine content less than 0.5 
ppm CI by weight, 

providing crucible comprised of a low-chlorine graphite having a chlorine 
content less than 0.3 ppm CI and placing said feedstock into said crucible, 

melting said feedstock in said crucible to form a low-chlorine optical fluoride 
melt, and 

growing an optical fluoride crystal from said melt, 

wherein said grown optical fluoride crystal having a chlorine concentration less 
than 0.25 ppm CI. 

10. (withdrawn) The method according to claim 9, wherein the feedstock is 
selected from the group consisting of calcium fluoride, barium fluoride, magnesium 
fluoride, strontium fluoride and lithium fluoride, and mixtures of any of the foregoing. 

11. (withdrawn) A method as claimed in 9 wherein the optical fluoride crystal is a 
calcium fluoride crystal, and said method includes transmitting a scatter inspection 
light into said grown optical fluoride crystal and inspecting the crystal for an 
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observable level of scatter to provide a scatter-free optical fluoride lens blank with a 
chlorine concentration less than 0.2 ppm CI by weight. 

12. (withdrawn) A method as claimed in 9 wherein said feedstock chlorine content 
is < 0.4 ppm. 

13. (withdrawn) A method as claimed in 9 wherein said feedstock is calcium 
fluoride having a chlorine content is < 0.25 ppm, said crucible graphite chlorine 
content is < 0.25 ppm, and said grown calcium fluoride crystal has a chlorine 
concentration < 0.2 ppm. 

14. (withdrawn) A method as claimed in 12 wherein said grown calcium fluoride 
crystal has a 193 nm transmission > 99%/cm. 

15. (withdrawn) A method as claimed in 12 wherein said grown calcium fluoride 
crystal has a 157 nm transmission > 97 %/cm. 

16. (withdrawn) A method of making a scatter-free optical fluoride crystal for 
transmitting below 200 nm wavelengths, said method including: 

providing a low-chlorine content optical fluoride feedstock having a chlorine 
content less than 0.5 ppm CI, 

providing an optical fluoride crystal crucible for containing an optical fluoride 
crystal, said crucible comprised of a purified graphite having a chlorine content less 
than 0.3 ppm CI, 

providing a controlled atmosphere optical fluoride crystal furnace for heating 
an optical fluoride crystal material, 

loading said optical fluoride feedstock and said optical fluoride crystal crucible 
into said optical fluoride crystal furnace, 
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heating said feedstock into a low-chlorine melt and 

growing an optical fluoride crystal from said melt to provide a grown scatter- 
free optical fluoride crystal having a chlorine concentration less than 0.25 ppm CI and 
a below 200 nm transmission > 99%/cm . 

17. (withdrawn) A method as claimed in claim 15, wherein said optical fluoride 
feedstock is selected from the group consisting of calcium fluoride, barium fluoride, 
magnesium fluoride, strontium fluoride and lithium fluoride. 

18. (withdrawn) A method as claimed in claim 15. wherein said low-chlorine 
content optical fluoride feedstock is selected from the group consisting of a synthetic 
powder and a pre-melted fluoride crystal material. 

19. (withdrawn) A method of making an optical calcium fluoride crystal, including 
blanks and elements made therefrom, for transmitting below 200 nm wavelengths, said 
method including: 

providing a controlled atmosphere optical fluoride crystal furnace for heating 
an optical fluoride crystal material, said furnace containing a calcium fluoride crystal 
material and a purified graphite having a chlorine content less than 0.3 ppm CI by 
weight, 

heating said calcium fluoride crystal material in said furnace containing said 
graphite having a chlorine content less than 0.3 ppm CI to provide a scatter- free 
optical calcium fluoride crystal having a chlorine concentration less than 0.25 ppm CI 
by weight and a below 200 nm transmission > 99%/cm. 
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EVIDENCE APPENDIX 



1. Evidence 

1. W. Bardsley and G.W. Green, "Optical scattering in calcium fluoride crystals", Brit 
J. Appl. Phys., 1965, Vol. 16, pages 911-912 

2. U.S. 6,320,700 to Shiozawa 

3. U.S. 6,226,128 to Shiozawa 

4. U.S. 6,061,174 to Shiozawa, 

2. Location of Patent Evidence 

The Patent Evidence above was cited by applicants during prosecution intheir replies 
to the rejections. 

Copies of the Evidence are enclosed with this Brief. 

3. Case Law (copies enclosed) 

In re Vaeck , 20 U.S.P.Q.2d 1438, 1442 (Fed. Cir. 1991) 
In re Fritch , 23 U.S.P.Q.2d 1780, 1783-84 (Fed. Cir. 1992) 
In re Fine , 5 U.S.P.Q.2d 1596, 1598 (Fed. Cir. 1988) 
In re Ehrreich , 200 U.S.P.Q. 504, 509-10 (C.C.P.A. 1979) 
In re Oelrich , 198 U.S.P.Q. 210, 214 (C.C.P.A. 1978). 
Case law was cited by applicants in the Appeal Brief. 
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Letters to the Editor 

BRIT. J. APPL. PHYS., 1965, VOL. 16 



Optical scattering in calcium fluoride crystals 

Abstract. It is generally believed that scatter in calcium fluoride crystals is invariably 
caused by calcinm oxide. Evidence is presented which shows that chlorine or sulphur 
can also cause scatter and that they are the source of the residual scatter sometimes 
observed in single crystal material doped with rare earth elements. 

Scatter, caused by particles of the order of 1 ^m diameter, has been a major problem in 
the production of calcium fluoride laser crystals of the highest quality. 

Stockbarger (1949) attributed scatter in CaF 2 to the presence of calcium oxide and used 
additions of lead fluoride (purging) to remove oxygen by the reaction 

CaO -f PbF s = CaF 2 + PbO f 

We believe scatter may have several different causes; certainly gross contamination of the 
gas atmosphere by water vapour and air can cause the effects noted by Stockbarger. The 
purpose of this letter is, however, to report evidence which suggests that sulphur and chlorine 
are more probably the causes of the residual scatter which is often experienced. 

In this laboratory single crystals of calcium fluoride have been grown by pulling from the 
melt with an apparatus previously described by Cockayne et ah (1964) but with the silica 
envelope water-cooled to avoid reaction with calcium fluoride vapour. The starting charge 
usually was purged lump mineral fluorite (obtained from Ban* and Stroud Ltd). Pulled 
from a vitreous carbon crucible (obtained from The Plessey Co., Ltd) in an atmosphere of 
dried purified argon, the undoped material normally yielded crystals in which the scatter 
was too small to be measured by the method of Kaiser and Keck (1962) (extinction scattering 
coefficient < 0*005 cm -1 ) and was not visible to the eye in a strong beam of light. Any 
scatter which was detectable was reproducibly characteristic of the particular batch of 
fluorite used. 

In order to check whether surface contamination could introduce sufficient oxygen to 
cause scatter the starting charge was exposed to the atmosphere for up to two days. It was 
also boiled in water for up to 2 hours. In both cases such treatment did not cause any 
additional scatter in the crystals. 

However, by doping calcium fluoride with various materials we were able to elucidate 
certain sources of scatter. Between 60 and 200 parts per million of oxygen added as 
calcium oxide to the melt was necessary to cause detectable scatter; rather less than tins 
amount gave rise to a characteristic red fluorescence when the crystal was illuminated with 
white light. On the other hand scatter was not observed when the crystals were doped 
with rare earth oxides at concentrations of up to 3 %, which was the maximum amount 
added. It is interesting that enough divalent samarium was present in crystals doped with 
0*1% samarium oxide for laser action to be obtained (Forrester, Green and Sampson 
1965). 

When sulphur was added to the melt at a concentration of 20 parts per million in the 
form of CaS or CaSO« detectable scatter was produced. The scattering centres were in 
the form of hexagonal platelets orientated in (1 1 1) planes and similar to those observed by 
Stepanov and Feofilov (1956, p. 1 8 1 ). Such platelets were also observed in undoped crystals 
annealed under vacuum in a graphite tube. These crystals had a faint characteristic smell 
of H 2 S and, indeed, analysis showed they contained some 20 parts per million of sulphur. 
The platelets did not appear in crystals annealed in a sulphur-free vitreous carbon tube. 

Scatter was also observed to a variable extent in crystals doped with rare earth fluorides. 
Dysprosium fluoride has been particularly troublesome and analysis has shown that up to 
0-4 % of chlorine was present, with only trace quantities of other elements. When chlorine 
was added to the pure melt at concentrations of 50 parts per million in the form of anhydrous 
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calcium chloride considerable scatter was produced. The scatter could be suppressed by 
adding 100 parts per million of lead fluoride. In this case the chlorine could leave the melt 
possibly by the reaction 

CaCU -f PbF. = CaF a -f PbCl 8 1 

We have obtained a correlation between the chlorine content of synthetic calcium fluoride 
and the scatter in crystals grown from this material. Chlorine has been identified as an 
impurity in calcium tungstate crystals which also causes scatter (Cockayne 1965). 

From these facts it will be seen that scatter can result from oxygen, chlorine and sulphur 
when present in concentrations which exceed the limit of solid solubility. When the crystal 
cools down the excess is precipitated as a second phase. The absence of scattering centres 
near to surface, grain boundaries and tilt boundaries suggests that the form of the precipitates 
is dependent on the vacancy concentration in the crystal. (Phillips and Hanlon 1963). 

Physics Department, W. Bardsley 

Royal Radar Establishment, G. W. Green 

Malvern, Worcs. 2\st April 1965 
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CORRIGENDA 

The relationship between space-charge-limited current and total emission of diodes, by 
P. W. Coutts and R. K. Fitch {Brit. J. Appl. Phys., 1964, 15, 1327). 

The temperature ranges given for the various points on the figure of this paper are 
incorrect. They should be as follows: 

■ 1105-1120°K, » 1090-1105% -f 1075-1090°K. 
The paper was written on the assumption that the points were indicated correctly and this 
error in no way affects the arguments presented. 

Induced conduction in dielectric liquids, by I. Adamczewski (Brit, /. Appl. Phys., 1965, 16, 
759). 

Page 763, line 8: equation should read log m = A x — § log 77. 

line 23 : range should be 100- 1 500 a . 
Page 766, 2 lines from bottom : range should be (7-2 — 12) X 10- 10 cm 3 per ion sec. 

Page 767, line 12: equation should read 

f F 1 = - 0-174 nkT -f 0 01 39 (5-05 + n). 
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